Three treatment modalities are
Introduction
The association of goiter and exophthalmos was first recorded in a Byzantine legal text from the third century, in which a 'man with bulging eyes and a great walnut round the neck' was described (1) . The recognition of the disease known as exophthalmic goiter is attributed, however, to Parry, who, in 1786, observed the first patient. However, his record of six cases was not published until 1825, 3 years after his death (2, 3) . Similar patients were reported in 1835 by Graves and in 1840 by Von Basedow (2, 4). Graves' disease (GD) is the most common cause of juvenile thyrotoxicosis in children and adolescents (5) . In Denmark, about 95% of children with thyrotoxicosis have GD (5, 6) . In Iceland, the incidence of GD as a cause of thyrotoxicosis is 83% (7) . Other causes of hyperthyroidism in this age group include thyroiditis (8) , functioning thyroid adenoma or multinodular goiter (9) , carcinoma (10) , iodine-induced hyperthyroidism (11) , thyrotropin-dependent hyperthyroidism (12) and excess ingestion of thyroid hormone (13) . Overall, pediatric contribution to the incidence of thyrotoxicosis is small, the age group 0-15 years contributing only 5 -6% of the total number of patients (14) . Most children with GD have a family history of some type of autoimmune thyroid disease (14) , and some have other autoimmune endocrine diseases, such as diabetes mellitus and Addison's disease (15) . Systemic lupus erythematosus, rheumatoid arthritis, myasthenia gravis, vitiligo, idiopathic thrombocytopenic purpura and pernicious anemia also have been described in these children (15) . In addition, GD is more common in children with Down's syndrome than in normal children (15, 16) .
Clinical manifestations
The main clinical features of thyrotoxicosis in children and adolescents, which are similar to those in adults, are shown in Table 1 (14, 17 -19) . Regarding ophthalmopathy, it appears that manifestations of thyroid eye disease in childhood thyrotoxicosis are more common but less severe, and more likely spontaneously to remit completely than in adults (20 -24) . Most children have stare and wide palpebral fissures, which are signs of thyrotoxicosis; 50 -75% have exophthalmos (25) , which is occasionally asymmetric (23) but is rarely the presenting complaint (26) . Eye pain, diplopia, chemosis and ophthalmoplegia are rare. The stare and wide palpebral fissures improve with treatment of thyrotoxicosis. As adolescence approaches, the manifestations of thyroid eye disease (TED) begin to simulate more closely the adult findings (23) . Thyrotoxicosis associated with activating mutations of the thyroid-stimulating hormone (TSH) receptor has been associated with mild stare, lid retraction and the appearance of proptosis. It is presumed that these eye findings are the direct consequence of excessive thyroid hormone action, and that they are not immunologically mediated. The findings remit when the thyrotoxicosis is controlled (27 -31) .
Treatment
The ideal treatment of Graves' thyrotoxicosis in childhood remains controversial. None of the three available treatment modalities, antithyroid drugs (ATD), surgery and radioactive iodine (RAI), has been shown to be ideal or clearly superior to the others.
The ATD, methimazole (MMI), carbimazole (CMZ) and propylthiouracil (PTU), inhibit thyroid hormone biosynthesis (32) . PTU has the additional property of inhibiting the extrathyroidal conversion of T 4 to T 3 . CMZ is not available in the USA, but it is used extensively in Europe. MMI (and CMZ) has a longer serum half-life (12 -16 h) (33, 34) , and therefore single daily doses are adequate in most patients. In contrast, PTU has a short half-life (4 -6 h) and requires administration several times each day. However, it should be mentioned that all of the thionamide drugs are concentrated by the thyroid gland and therefore have a longer biologic half-life within the thyroid than in the blood. Moreover, some studies indicate that under certain circumstances PTU may be given once daily without losing control of hyperthyroidism (35) . The recommended initial dose of MMI or CMZ is 0.5 -1.0 mg/kg daily, given once or twice daily, and that of PTU is 5-10 mg/kg daily, given three times daily. Children who are older, with longer duration of symptoms, large goiters, or higher serum T 4 and T 3 concentrations, should be given the higher doses. Once the patient becomes euthyroid, the dose and frequency should be decreased. Occasionally, the dose needs to be increased because the initial dose was too small or the thyrotoxicosis has worsened. MMI (or CMZ) is preferable to PTU because single daily doses are effective in most patients, and fewer tablets per day are needed. The maximal clinical response to medications occurs after about 4-6 weeks of therapy. Before that time, the symptoms of hyperthyroidism may be controlled with beta-blockers such as propranolol (32 -34) . When clinical improvement occurs, the dose may be tapered in an attempt to maintain thyrohormone levels in the normal range. Two general methods are used. One method is to reduce the dose to achieve levels of T 4 and TSH in the normal range. The advantage of this method is that the dosage, and therefore the side effects, may be minimized. Another method is to block and replace. This method may give more stable hormonal levels and optimize the probability of remission (36) , although some authors dispute this proposition (37) . Medical therapy has a high risk of failure in children with large goiters, a history of previous relapse, high thyroxine (. 20 mg/dl) and thyroglobulin (. 50 mg/ml) levels, or ophthalmopathy (38) . Remission rates range from 34% to 64% (Table 2 ) (39). Indicators of possible remission include a smaller size of the thyroid gland, a decreased T 3 to T 4 ratio, a lower early radioiodine uptake and lower levels of TSH receptor antibodies (40, 41) . Furthermore, when responses to medical therapy among prepubertal and pubertal children are compared, 1-year remission rates are considerably less in prepubertal (17%) than in pubertal children (30%) (42) . Major drawbacks to drug therapy are the failure to achieve remission, noncompliance, and toxicity. Concerning the latter, hepatic toxicity is a rare but potentially lethal complication of mainly PTU therapy. Eight deaths have been reported before 1999, but other cases obviously go unreported. There does not appear to be a dose -response relationship for PTU-induced hepatitis, with mean doses of 426 mg/day (range 150 -90 mg/day). The average duration of therapy in the patients summarized by Williams et al. (43) was 3.6 months; however, in a recent report, severe hepatitis developed after 2 days of therapy (44), and in another case, hepatitis developed after 1 year of treatment (45) . The mean age of all patients who developed hepatotoxicity was 28 years. In sharp contrast to the potentially lethal hepatocellular abnormalities seen with PTU, liver disease with methimazole is generally cholestatic in nature, and, until recently, there had never been a fatality reported in the literature. The complications of drug therapy are shown in Table 3 (39). When side effects of MMI or PTU develop, medication is often discontinued, and RAI or surgery is considered. Some clinicians will change to another thionamide when a mild toxic reaction occurs. However, published data about the risks and benefits of changing medications in children are limited (46) . Medication changes should thus be made with caution. If a serious complication develops, such as hepatitis or agranulocytosis, it is best not to resume antithyroid drug therapy.
Surgery, specifically subtotal thyroidectomy, is the oldest form of therapy for GD. The Nobel Prize was awarded to Kocker in 1909 for innovations in this area. Thyroid surgery is often required for the treatment of childhood GD It is most often performed in patients with large goiters and severe thyrotoxicosis. Subtotal thyroidectomy is the most common procedure. The incidence of recurrent hyperthyroidism correlates with the size of the thyroid remnant. Experience has shown that when the thyroid remnant is less than 4 g, the likelihood of recurrent thyrotoxicosis is small (47, 48) . The likelihood of recurrence is even smaller after total thyroidectomy, but the morbidity rate is considerably higher. Preoperative therapy consists of Lugol's solution 10 -14 days prior to surgery and beta-adrenegic blockers for the purpose of preventing thyroid storm. Like many others, it is our practice to employ ATD preoperatively. Postoperative complications in more than 2000 children and adolescents are summarized in Table 4 (49 -55).
Radioiodine therapy
The thyroid gland is one of the most sensitive organs to the carcinogenic effects of radiation during childhood. While a number of studies have indicated a doseresponse effect, no clear threshold dose has been identified. Young age is a major factor for sensitivity to radiation. In the pooled analysis of seven studies, the risk of developing thyroid carcinoma after irradiation below the age of 5 years is twofold higher than in children treated with irradiation between 5 and 9 years of age, and fivefold higher than in children treated between 10 and 14 years of age (56) . The high susceptibility of young children to the carcinogenic effects of radiation to the thyroid thus contrasts with the very low susceptibility of adults. This is consistent with experimental studies on animals and suggests greater radiation effects during periods of rapid cell proliferation, as observed during the development of the thyroid gland. The risk of thyroid cancer is not significant when individuals are over 15 or 20 years of age at exposure (57) . RAI therapy for GD was introduced at Massachusetts General Hospital nearly 60 years ago (58, 59) . It is estimated that more than 2 million patients of all ages have received RAI for GD, making this therapy one of the most widespread therapeutic uses of a systemically administered radionuclide (49) . It has been proved to be an effective therapy for childhood thyrotoxicosis due to GD. It is the preferred treatment in some centers, especially in the USA, and in most others it is recommended for any patient who Table 3 Complications of antithyroid drug treatment of children and adolescents with Graves' thyrotoxicosis (adopted from 39).
Minor toxicity

Reference
Poor compliance (%)
Overall toxicity (%)
Major toxicity* (%) Younger children with smaller goiters usually are given lower doses, and those with larger goiters, higher doses. It is better to give more rather than less, because the likelihood of persistent thyrotoxicosis is lower. For example, in children treated with 50 -100 mCi/g thyroid tissue, 25 -40% of patients are hyperthyroid several years after therapy (61) . In comparison, in children treated with a single dose of 150 -200 mCi/g thyroid, hyperthyroidism persists in 5-20% of patients, and 60 -90% of patients become hypothyroid (60, 62 -64) . The success of radioiodine therapy is influenced, apart from the size of the thyroid gland, by circulating levels of thyroid-stimulating antibodies (TSAb). Responses are lower in patients with high TSAb levels (65, 66) . There is also some evidence that responses to radioiodine are less favorable after treatment with ATD (67, 68).
The major consequence of radioiodine therapy is hypothyroidism. It occurs in 20 -40% of children in the first year after treatment and 2-3% per year thereafter; thus, most children eventually become hypothyroid (63) . In a very recent study, Rivkees and Cornelius (69) examined the relationship between the dose of iodine-131 in children with hyperthyroidism and thyroid status 1 year after treatment. Three iodine-131 doses were compared: 72 -108 Gy (80 -120 mCi/g), 180 -225 Gy (200 -250 mCi/g) and 270 -364 Gy (300-405 mCi/g) in 31 patients ranging in age from 7 to 18 years. Thyroid status was assessed over 1 year after therapy. They found that doses of 100 Gy (110 mCi/g), 200 Gy (220 mCi/g) and 300 Gy (330 mCi/g) resulted in hypothyroidism in 50%, 70% and 95% of treated individuals respectively. They concluded that, to ensure ablation of thyroid tissue, doses over 270 Gy (300 mCi/g) are needed, especially when the thyroid is large. Another consequence seems to be the increased incidence of benign thyroid adenomas (70) . This risk appeared to be higher in patients given lower doses of radioiodine. In the same study, thyroid carcinoma was no more common in radioiodine-treated patients than those treated with ATD or thyroidectomy (70) . In a recent report, which is an update of reference 70, Ron et al. (71) observed, over a mean follow-up period that extended to 21 years, no increase in overall cancer mortality after iodine-131 therapy compared with standard US mortality rates. However, a small but statistically significant increase in thyroid cancer risk was found, which was more pronounced in patients with toxic nodular goiter. One explanation for the latter observation may be that thyroid glands affected by GD are more likely to be totally destroyed by iodine-131 than would large multinodular thyroid glands. The remaining irradiated tissue would then be at risk of subsequent neoplastic transformation. Although none of the thyroid cancer deaths occurred in individuals who where treated as children, the number of treated children was very small, and the thyroid cancer incidence in this group is unknown (71) . In general, outcomes after iodine-131 treatment for juvenile hyperthyroidism have been reported so far for approximately 1000 individuals in different reports (19, 62, 63, 72 -76) . The duration of follow-up in those studies ranged from less than 5 years to 15 years, with only some subjects followed for more than 20 years. These studies have not revealed an increased risk of thyroid malignancy, as stated by Rivkees et al. (49) . Only four cases of thyroid malignancy in children previously treated with iodine-131 have been reported so far (19, 61, 77, 78) . Three of these individuals were treated with low doses of iodine-131, and one patient with a moderate one. As discussed above, low doses of iodine-131 are associated with an increased incidence of thyroid nodules and neoplasms (78) . A significant relationship between the number of iodine-131 treatments and thyroid cancer was also reported by Ron et al. (71) , in a study which mainly concerns adult patients with thyrotoxicosis. This finding justifies those who advocate that when RAI is used in children, it is important that a higher dose of iodine-131 is given. The goal of RAI therapy from the beginning in such cases should be to ablate the thyroid gland and achieve hypothyroidism. If no thyroid tissue remains, the risk of thyroid cancer will be very small, if present at all. To achieve this goal, Rivkees used doses of iodine-131 of 250 -300 mCi/g thyroid tissue (79) . Another potential adverse effect of RAI therapy is the development or worsening of ophthalmopathy, as has been observed in adults (80, 81) . However, no such data have been reported so far in a pediatric group. (84) . The expectation remains, however, that the expression of Graves' ophthalmopathy in children is, in most instances, both mild and transient. Steroids and decompression will very rarely be needed in early childhood. It has to be kept in mind that prolonged prednisone administration, which should be used in some severe cases of TED, is associated with weight gain, immune suppression and growth failure in children (49) . Recent studies have shown successful therapy with the long-acting somatostatin analogs (SM-a), octreotide and lanreotide in adult patients with active TED (85 -87) . The rationale of this therapy is based on recent studies in which somatostatin receptors have been identified within the orbital tissues in TED, both in vitro and in vivo (88 -90) .
We recently had the opportunity to treat three adolescents (two girls and one boy) aged 14, 15 and 16 years, with moderately severe TED, with SM-a. The results of the first two have been presented previously (91) . All had increased clinical activity scores (CAS) -4, 5 and 6 respectively. All were on antithyroid therapy and euthyroid at the time of initiation of treatment. They received 20 mg octreotide (sandostatin-LAR) i.m., one injection every 30 days for 4 months. Their ophthalmopathy improved substantially, and CAS decreased in all patients. In view of the encouraging therapeutic results in these three pediatric patients, SM-a may prove to be a valuable treatment in childhood ophthalmopathy and a good alternative to corticosteroids. The results using SM-a in the treatment of TED seem promising, but it is still premature to suggest this therapeutic option, without any prospective, double-blind controlled study.
In summary, there are wide differences between individual physicians and between the physicians in different countries on the optional treatment for childhood hyperthyroidism. While ATD remains the initial treatment of choice in almost all the medical centers in Europe, surgery being used mainly to deal with antithyroid failures, there is increasing interest in the use of radioiodine especially in the USA. A European questionnaire study (92) , which was conducted by the European Thyroid Association (ETA) in 1993, and in which 99 individuals or groups from 22 countries participated, found that 22 out 99 physicians from nine countries would consider radioiodine treatment as the treatment of choice for children with recurrent thyrotoxicosis after surgery, or with recurrent thyrotoxicosis 2 years after ATD. However, radioiodine was preferred by only a small percentage of physicians for this group of patients in Europe. Hardly any of the respondents chose radioiodine for the patients with a toxic adenoma or a multinodular, toxic goiter (92) . In view of the difficulties with medical therapy in children and adolescents, including poor compliance, high rate of relapse, drug toxicity, and continued thyroid enlargement, eminent US physicians emphasize the safety, simplicity and economic advantages of iodine-131 ablation, which should be considered more commonly in children (60) . Although there are data showing no significant increase in thyroid neoplasia, gonadal injury or congenital abnormalities in the offspring of older children and adults receiving outpatient doses of radioiodine, endocrinologists and parents continue to shy away from this therapy in young children, especially in Europe. Given the considerable increase in the risk of thyroid cancer in young children exposed to external radiation, it has been hypothesized that there may be a small increase in the risk of thyroid cancer in young children treated with radioiodine. This theoretical risk is probably highest in children before the age of 5 years and progressively lower in those treated at 5-10 and 10 -20 years (49) . Until long-term data on safety are available, specifically for young children, differences between the physicians in different countries concerning the optimum therapy of childhood GD will remain.
